A numerical investigation of heat transfer rate of an insulated block moving on a heated surface in a channel was studied. The study mainly investigated the effect of block moving distance on the heat transfer rate of heated surface. This subject belongs to a kind of moving boundary problems, and the modified Arbitrary Lagrangian Eulerian method is suitable for solving this subject. The results show that the block moving distance affects the flow and thermal fields remarkably. The heat transfer rate of heated surface increases proportionally to the increment of the block moving distance, when the block moving distance is larger than a critical value. Q
Introduction
Up to now, numerous methods have been proposed to enhance heat transfer rate of a channel. However, accompanying with the progress of semiconductor technology, the smaller A method of a channel or pipe installed with ribs is often used to enhance the heat transfer rate of the channel or pipe. Lots of studies such as Sparrow et al. [l] and Braaten and Patankar [2] investigated this issue, and the results showed that the ribs disturbed the flow field and enlarged the heat transfer area that caused the increment of the heat transfer rate. Liou et al. [3] investigated experimentally the variations of the mean velocity and turbulence intensity of the channel flow by mounting two pairs of turbulence promoters in tandem, and showed that the rib pitch-to-height ratio affected the phenomena of separation, reattachment and heat transfer rate.
Lin and Hung [4] studied the transient forced convection in a vertical rib-heated channel with a turbulence promoter, and found that the utilization of a turbulence promoter could effectively improve the heat transfer performance in the fully developed region. Iyer and Kakac [SJ investigated heat transfer in a channel with periodic grooves to simulate electronic components numerically, and found that the fluid developed a large-amplitude, time-periodic and nonlinear oscillation beyond a critical Reynolds number. The oscillations enhanced the heat transfer rate of the heated walls.
From the above literature, due to the existence of the ribs, the phenomena of separation and reattachment occurred in the flow field, which caused the heat transfer in the circulation zone to be complex and small. Then, the increment of heat transfer rate of the channel flow seems to have limitation. Fu et al. [6] investigated numerically the forced convection heat transfer in a channel with a moving block. The results showed that the moving block destroyed the boundary layer on the heated surface, and the new boundary layer reformed right after the moving block passing through. Based upon the reformation of new boundary layer, the maximum increment of heat transfer rate was about 98%. However, due to the limitation of contents of Fu et al. [6] , the results about the effect of the block moving distance on the heat transfer of heated surface are incomplete.
Therefore, the aim of the study is to continue the investigation of previous study [6] of a block moving back and forth on a heated surface in a channel. The effect of the block moving distance on the heat transfer of heated surface is mainly focused in the study. The subject mentioned above belongs to a kind of moving boundary problems, and the Arbitrary Lagrangian Eulerian (ALE) method modified by Fu and Yang [7] is suitably adopted to solve this problem.
The results show that the increment of the heat transfer rate of heated surface is proportion to the block moving distance, when the block moving distance is larger than a critical value.
Analvsis
The physical model is shown in Fig. 1 Consequently, the behavior of both the flow and thermal fields becomes time-dependent and can be categorized into a kind of moving boundary problem. As a result, the ALE method is properly utilized to analyze this problem.
FIG. 1 Physical model
To simplify the analysis, the following assumptions and the dimensionless variables are made 1. The flow field is two-dimensional and laminar.
2. The fluid is Newtonian and incompressible.
3. The fluid properties are constant.
4. The no-slip condition is held on the interface between the fluid and block.
5. The effect of gravity is neglected. x=+> y=;, R=+, u+, v=;,
where ii0 is the mean velocity of the inlet velocity distribution, and li is mesh velocity.
Based upon the above assumptions and dimensionless variables, the dimensionless ALE governing equations (2)- (5) (2)
(8)
(10)
Numerical Method
A Galerkin finite element method with moving mesh is adopted to solve the governing equations (2) and temperature terms are expressed as quadrilateral and nine-node quadratic isoparametric elements. The discretization processes of the governing equations are similar to those used in Fu and Yang [7] .
The value of penalty parameter used in the present study is 106, and the frontal method solver is utilized to solve the governing equations. The value of Prandtl number is 0.71 for air.
The mesh velocity 6 is linear distribution and inverse proportion to the distance between the node and the moving block.
The computational mesh and the non-dimensional time intervals AT are tested under Re=500 and U, =l .O. For economizing computational time, the length of the inlet channel I,, the heated surface I,, the outlet channel I,, the width b and the height h of the block are chosen as 3 H , H , 20H, 0.1 H and 0.2 H , respectively, and the mesh with 114x34 elements is chosen for computations. In addition, the value of non-dimensional time intervals AZ is chosen as 2 x 10m3 for all block moving distances.
Results and Discussion
As the block moved on the heated surface, the boundary layer on the heated surface before the moving block was destroyed and reformed immediately as the block passed through. As a result, the heat transfer rate of the heated surface increased remarkably as shown in the previous study [6] . However, the results of the effect of block moving distance (R) on the heat transfer of heated surface are inadequate in the above study, Then, in the present study, the block moving 
where the dimensionless length of the heated surface equals to 1. Shown in FIG. 6 , the region affected by the moving block is small in R=O.l case, and the heated transfer rate increases slightly. As the block moving distance increases, the effect of the block movement on the heat transfer rate of the heated surface is remarkable. As a result, the average Nusselt number per unit cycle increases continuously.
Conclusions
A numerical investigation of the effect of block moving distance on heat transfer of a channel is studied. The main conclusions can be summarized as follows:
(1) The block moving distance affects the flow and thermal fields near the block and heated surface remarkably.
(2) The increment of heat transfer rate of the heated surface is proportional to the block moving distance, when the block moving distance is larger than a critical value. 
